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catalogue the variation in precise
detail, encompassing detailed
analyses of both mechanism and
function. Despite their depth, it is almost
certainly the case that they only scratch
the surface of a phenomenon of wide
significance. They provide a new
experimental paradigm for further
studies, and important future questions
will concern the identification of cues
responsible for the social facilitation
(these may be volatile, which have
hardly been studied at all in
Drosophila). What selects for such
social influences on communication,
and how important are they in the
courtship behaviour of genetically
heterogeneous flies under normal
conditions? Is a male simply ramping
up the production of sexy compounds
when competitors are around?
The neurogenetic approach to
studying fly courtship behaviour
has been exceptionally productive
(e.g. [4,5]). However, courtship has
evolved in a social context and the
new work [6,7] demonstrates how
complex the relationship between
environmental variables and social
context can be — it will be a challenge
to incorporate the potential for such
influences into future studies of genes
involved in mating behaviour. Although
the role of learning in fly courtship has
recently come to be appreciated, e.g.
[16,17], such social effects were
previously unexpected. Instead of
a romantic teˆte-a`-teˆte, Kent et al. [7]
note that fly courtship may bemore like
a multi-way conversation, in which
males ‘shout at each other’ and modify
their responses while simultaneously
whispering in the female’s ear.
Certainly, the female will have a lot to
say in response as well; studies of the
female pheromone changes in
response to all this will most likely add
another layer of complexity, as yet
unstudied.
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Chemotaxis uses intertwined signalling pathways, each individually
dispensable. Recent work shows that Dictyostelium PKB/Akt can be spatially
regulated independently of phosphatidylinositol (3,4,5)-trisphosphate via
phosphorylation by TOR complex 2, placing this complex at the hub of
chemotaxis.Jason S. King* and Robert H. Insall
The ability of cells to move directionally
and follow chemical gradients is
fundamentally important to processes
as diverse as development, wound
healing, and the hunting and
subsequent digestion of pathogens in
the body. Furthermore, inappropriate
chemotaxis plays a key role in cancer
metastasis and has become a major
target for the development of new
chemotherapy agents (for a review, see[1]). However, the ability to detect
a signal accurately and to reorganise
the cytoskeleton to move towards it is
a complicated business, yet cells carry
these processes out remarkably
robustly. Firstly, cells are exquisitely
sensitive to very shallow external
gradients of chemoattractant and are
able to convert such marginal cues into
coherent directions. Secondly, in order
to actually move up gradients, the cell
has to use the directional information to
orchestrate a wide range of structuralrearrangements, including localised
remodelling of the cytoskeleton as well
as the formation and release of points
of adhesion. Whilst our understanding
of aspects of this issue has increased
in recent years, the signalling pathways
involved, the links between them, and
the coupling to the machinery of cell
migration are only just beginning to
become untangled (for a review,
see [2]).
Until recently, models of chemotaxis
have been rather simplistic, involving
single signals acting through
a unique pathway to orient the cell.
Recently, following results such
as the demonstration that
phosphatidylinositol (PI) 3-kinase
signalling is dispensable for
chemotaxis in Dictyostelium amoebae
and mammalian neutrophils [3,4], our
underlying conceptual model is
Dispatch
R865evolving into one involving multiple
overlapping signalling pathways
(Figure 1) [5]. To understand
chemotaxis we therefore need to
enumerate all the different pathways
and the relationships between them
in order to assess their relative
importance. A paper in a recent issue of
Current Biology [6] makes a substantial
step forward in this direction, by
identifying a signalling pathway that
regulates chemotaxis and is connected
to known PI 3-kinase pathways but
independent of phosphatidylinositol
(3,4,5)-trisphosphate (PIP3).
In their paper, Kamimura and
colleagues [6] show that an unusual,
constitutively membrane-bound
isoform of the PIP3-dependent kinase
PKB/Akt termed PKBR1 is
phosphorylated at the leading edge of
chemotaxing Dictyostelium amoebae.
Furthermore, they show that this
activating phosphorylation is
dependent on Tor complex 2 (TorC2)
activity and not PI 3-kinase.
Dictyostelium has a number of
PKB/Akt-related kinases, including at
least one that is recruited to the plasma
membrane and activated by PIP3
in the traditional way [7]; however,
PKBR1 is unusual because it has no
PIP3-binding pleckstrin homology (PH)
domain and is instead myristoylated.
As a result, PKBR1 is constitutively
bound to the plasma membrane and
appears to be uniformly localised [8].
Therefore, instead of the
‘activation-by-recruitment’ mechanism
presumed to control PKB/Akt, the
authors suggest that PKBR1 is
principally regulated by the local
activation of TorC2 at the leading
edge.
Previous work showed that
disruption of this myristoylated form
gives a much more severe chemotactic
defect than disruption of its
PIP3-regulated counterpart, whilst loss
of both enzymes leads to even greater
defects [7,8]. Indeed, Kamimura et al.
[6] demonstrate that, although PKBR1
appears to be the predominant
isoform, its substrates also appear
to be phosphorylated by the
PIP3-regulated PKB. Therefore,
although the two enzymes’ substrate
preferences are not known in detail,
they clearly overlap and are able to
compensate for each other. Thus,
despite Dictyostelium’s unusual
subdivision of PKB function, the
take-home message is that TorC2
regulates the cytoskeleton by? ? ? ?
?
?
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Figure 1. Comparison of earlier, simple models of chemotaxis and the view suggested by
recent work.
(A) In the earlier model, a linear pathway exclusively mediated by PIP3 signalling was pro-
posed. (B) This emerging model is meant to be neither complete nor authoritative. In particular,
many of the pathways involve additional components that are not shown. Rather, it aims to
illustrate the complexity and range of pathway connections and the resulting difficulty in
making general conclusions about individual players or pathways. The G-protein-coupled
chemotaxis receptor is shown in orange and integrin in blue. cGMP, cyclic GMP; PLA2,
phospholipase A2.differential phosphorylation of
PKB/Akt. Is this a universal control
system for cell motility? In metazoans,
mTorC2 is able to phosphorylate
PKB/Akt as well as regulate the
cytoskeleton [9,10]. Even in
Saccharomyces, which has no PIP3
signalling and no PKB, TorC2 can
phosphorylate AGC-family kinases
and thereby regulate actin patches
[11], so this may even turn out be
a fundamental actin regulatory
pathway. In addition, as Kamimura
et al. [6] point out, PKB/Akt could be
recruited to the membrane by other
means, and activation by TorC2 need
not be independent of other layers of
regulation.
Specific kinases at the leading edge
make appealing candidates for
regulators of cell migration. To try to
find the downstream effectors of this
signal, Kamimura et al. [6] extended
their study using a biochemical
approach to find PKBR1-specific
targets. The implication, clearly, is that
the targets will be activated at the
leading edge. The PKBR1 targets
identified include at least three
regulators of small GTPases (two
RasGEFs — activators of Ras — and
a RhoGAP family member that usually
inactivates Rac) and it is not hard to
imagine a direct involvement between
these targets and the regulation ofother signalling pathways. In fact, as
Kamimura et al. [6] show that activation
of TorC2 itself is dependent on
Ras proteins, a feed-forward loop
may operate and allow localised
amplification of the signal.
Another PKBR1 substrate turned out
to be talin B. Talins link integrins with
actin in mammalian cells and thus
connect adhesion to the cytoskeleton
[12]. Although Dictyostelium appears
to contain only primitive integrins,
talins are rapidly recruited to new
pseudopodia [13] and, when they are
disrupted, the consequence is a severe
loss of cell adhesion [14,15]. Talin B
therefore fits the bill nicely as
a physiological substrate for PKBR1
and, as Kamimura et al. [6] show that
loss of PKBR1 also results in a lack of
adhesion at the cell front, it seems likely
that phosphorylation of talin by PKBR1
is an important step in the adhesion
of pseudopodia. The combination of
intracellular signalling pathways, such
as those involving Ras and Rac, and
local, adhesion-responsive mediators
like talins is a particularly appealing
way to make chemotaxis responsive to
all of the different influences acting on
a cell.
The full physiological consequences
of all of these phosphorylations will
require far more investigation, but it is
appealing to think that these signals act
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overlapping pathways, such as PIP3
signalling, to produce co-ordinated
changes in the cell structure. Indeed,
different combinations of signals may
also make the cell respond differently,
resulting in a decision to either
extend, divide, stabilise or
withdraw a particular region of the cell.
Perhaps each signalling pathway can
independently regulate different
aspects of the mechanics of cell
migration, such as adhesion, vesicle
fusion, or actin nucleation. Such
a mechanism would be robust as
well as flexible, allowing the cell to
change its motile behaviour at different
stages of development.
Recent work has shown that, at least
in shallow gradients, cells steer by
splitting existing pseudopods and then
retaining themost accurate pseudopod
[16]. The selection process could be
mediated by integrating the relative
combinations of signalling molecules
present in different regions of
a bifurcated pseudopod, which means
that it will be interesting to learn to
what extent PIP3 signalling and
phosphorylated PKBR1 colocalise.
Indeed, one of the limitations of the
paper by Kamimura et al. [6] is that
they only show the localised
phosphorylation of PKBR1 in very
steep gradients of chemoattractant. As
cells are most sensitive to inhibition of
PI 3-kinase in shallow gradients [17],
it will also be important to know the
relative contribution of PKBR1
signalling in more shallow gradients
and even in waves of stimulation, suchMutualism: Wasp K
to Protect Young
The adaptive value of acarinaria — speci
bees that harbour symbiotic mites — has
now shown that the mites are actually be
defending it against parasitoids.
Daniel J.C. Kronauer
The conceptual framework of studies
in evolutionary biology generally
assumes that the systems and
structures we observe have adaptive
properties. While this view has also
been criticized, it has producedas those encountered during
Dictyostelium aggregation.
The presence of multiple parallel
mechanisms is compelling us to think
in newways about how cells direct their
migration. The next challenge will be
to understand how these pathways
interact and co-operate with each other
to produce a finely tuned response like
chemotaxis.
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DOI: 10.1016/j.cub.2008.07.051provide nest sites for ants [2], and
the cuticular crypts of fungus-growing
ants that contain filamentous
Pseudonocardia bacteria [3]. In both
cases, the structures serve to
harbour coevolved mutualistic
partners: the ants protect the trees
against herbivores and receive
nectar and housing in return, while
the Pseudonocardia bacteria produce
antibiotics to control fungus-garden
pests and are in turn apparently
nourished by glandular secretions
from the ants.
A similarly complex and fascinating
relationship has now been unveiled
by Kimiko Okabe and Shun’ichi
Makino [4]. In their recent paper, they
